We created a simple method for obtaining a series of successively more-concentrated samples from a serum without changing the ratio of its components. We froze a pooled serum and then allowed it to thaw undisturbed. 
tration gradient became steeper with repeated freezing and thawing. By using this method, one can easily prepare serum samples at gradients of concentration useful in the clinical laboratory, although the mechanism of gradient formation is still unclear.
Addftlonal Keyphrase: sample handling Laboratory workers have long known that the concentration of analytes in thawed serum is uneven and that thawed serum should be mixed thoroughly before use.
However, no one has determined what happens during
thawing or made use of the phenomenon in laboratory work. We fractionated a thawed serum into several fractions from the top to the bottom in a test tube and determined the analytes in each fraction. Unexpectedly, we found that a distinct concentration gradient was formed for all serum components tested, and that the original relative concentration between them was well maintained in all fractions. We investigated conditions necessary for the gradient formation by freezing and thawing, and found that serum with a concentration more than twice that of the original could be obtained 'Central Clinical Laboratories, Tokyo Metropolitan Police Hospital, Fujimi 
MaterIals and Methods

Materials
Instruments.
We used a TBA-50S and a TBA-580 discrete chemical analyzer and TBA-60R and TBA-30R This method is useful not only for concentrating serum, but also for making a series of serum components within a wide range of concentrations. To study the latter in detail, we fractionated 100 mL of pooled serum in 2-mL fractions from the top to the bottom after freezing and thawing. We determined the 26 analytes in the 50 samples by using a TBA-505 chemical analyzer; Figure 1 shows the mean and SD of C/CO. The SD of and 37#{176}C without any motion disturbing the gradient formed. The gradient of the serum thawed at room temperature was the steepest; the one at 37#{176}C was the smallest (Figure 2) .
We also performed the freezing and thawing method by using a simple solution system other than serum. We chose sucrose, which dissolves well in water and is easily quantified.
We thawed 5 mL of frozen sucrose solution 3.G Table 1 . Tables 1 and 2 for abbreviations) 1228 CLINICAL CHEMISTRY, Vol. 37, No. 7, 1991 under four different centrifugal forces for 1.5 h, then fractionated the solution without delay. The concentration gradient became steeper with increasing centrifugal force (Figure 3, top) . The transition points of the four gradient curves, from dilution to concentration, coincided between fractions six and seven (specifically, at fraction six and two-thirds).
When pooled serum was used, we obtained a similar result (Figure 3, bottom) . When samples were thawed under centrifugation, the concentration gradient did not depend on the thawing temperature, but the concentration gradient without centrifugation did depend on the thawing temperature (Figure 2) .
If the same gradient-forming mechanism can function in a solution where a gradient already exists, the gradient will be enhanced by repeated freezing and thawing. As shown in Figure 4 , the concentration gradient became steeper until the fourth cycle. By that cycle, analyte concentrations were almost infinitesimal in fraction one, and were 2.5-fold greater than those of the original serum in fraction nine. The fifth cycle had little further effect. 
DiscussIon
We succeeded in creating a concentration gradient of serum components in a test tube by means of a very simple freezing and thawing procedure. Condensation of serum components in the bottom fractions was as great as 2.6 times that in the original solution (Figure 1) (Figure 2 ). Before being drawn up with the pipette, the final fraction apparently was diluted sometimes by thin layers of the upper fractions remaining on the inner surface of the test tube.
The concentration gradient depended on the thawing temperature ( Figure 2 ). The gradient formed tended to vanish with diffusion of the solute molecules. Thus, the gradient was greatest at room temperature and smaller at 37 or 8 #{176}C because of more active thermal diffusion at the higher temperature or longer thawing at the lower temperature ( Figure 2 ). Therefore, a gradient-forming serum should be fractionated immediately after the frozen sample is completely melted. When a frozen sample was thawed under centrifugation, the slope of the concentration gradient increased with the increasing centrifugal force (Figure 3) . The gradient under centrifugal force during thawing clearly had the unique transient point (fraction 6%) between dilution and concentration of the original concentration (Figure 3) . The concentration gradient increased significantly after repeated freezing and thawing (Figure 4) . We found repetition of the procedure effective until the fourth cycle. However, the temperature of freezing and the container diameter did not affect the slope of the gradient formed.
